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NAME OF DOCUMENT: Specification 
TITLE OF THE INVENTION: Battery Pack 
CLAIMS: 

1. A battery pack including air passages formed within a case containing a 
plurality of cells, the air passages allowing cooling air that enters the case from the 
outside of the case to pass along and/or between the cells and exit from the case, 

the battery pack being characterized in that radiator plates are provided in 
the air passages so as to be in contact with outer surfaces of the cells, the heat 
capacities of the radiator plates increasing in the downstream direction. 

2. A battery pack in accordance with claim 1, wherein said increase in the heat 
capacities is achieved by increasing the surface area and/or the volume of the 
radiator plates. 

3. A battery pack in accordance with either claim 1 or 2, wherein the radiator 
plates are shaped so as to conform to the outer surfaces of the cells. 
DETAILED DESCRIPTION OF THE INVENTION 

[0001] 

Technical Field to Which the Invention Pertains 

The present invention relates to a battery pack containing a plurality of 
cells for use in power tools and other devices, as a power source. 
[0002] 
Prior Art 

A battery pack can be recharged by attachment of its common mounting 
portion with terminals onto a charger, and also can be used as a power source by 
attachment of the mounting portion onto an electric device, such as a power tool. 
However, the secondary cells tend to generate heat during each charge, which 
results in degradation of the battery. For this reason, a means for cooling the cells 
is provided in the battery pack. For example, disclosed in Japan Published 
Unexamined Patent Application No. 11-219733 is a structure for cooling secondary 
cells in a battery pack. The structure includes air passages running through the 
battery pack case and along and between the cells within the battery pack and 
intake and discharge ports provided at the top and bottom portions of the battery 
pack, whereby the intake ports are disposed at a mounting portion to which a 
=charger^is=attaehed r -with-t^ 

and discharge ports. Thus, cooling air from a fan incorporated in the charger can 
be introduced from the intake ports to be sent into the interior of the pack through 
the air passages and discharged to the outside of the pack from in order to provide 
cooling for the cells. 
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[0003] 

The problem of the foregoing cooling structure is that the temperature of 
cooling air drawn into the battery pack case increases due to heat exchanged by the 
cells as the air flows downstream, thus resulting in a decreased cooling effect of the 
air downstream. In addition, as the cooling air comes into direct contact with the 
cells for cooling, the area of contact with the cooling air varies from cell to cell, such 
that the cells cannot be evenly or equally cooled. 
[0004] 

In view of the above, the object of the invention in claim 1 is to provide a 
battery pack that can maintain the cooling effect excellently regardless of increases 
in the temperature of the cooling air. 
[0005] 

Means to Solve the Problems 

In order to achieve the above 'identified problem, the invention in claim 1 is 
characterized in that radiator plates are provided in the air passages so as to be in 
contact with outer surfaces of the cells, the heat capacities of the radiator plates 
increasing in the downstream direction. 

In addition to the object achieved by claim 1, according to the invention in 
claim 2, in order to easily increase the heat capacity of the radiator plate, the 
surface areas and/or the volumes of the radiator plates are gradually increased in 
the downstream direction. 

In addition to the object achieved by claim 1 or 2, according to the invention 
in claim 3, in order to efficiently and evenly provide cooling for the battery by 
utilizing the radiator plate, the radiator plates are shaped so as to conform to the 
outer surfaces of the cells. 
[0006] 

Embodiment of the Invention 

A preferred embodiment of the present invention will be described 
hereinafter with reference to the attached drawings. 

First, an embodiment corresponding to the first invention will be described. 
Figure 1 is a perspective view of a battery pack and Figure 2 is an exploded 
perspective view of the battery pack. The battery pack 1 is formed of a 
double-struetured=box-shaped=en^ 

(referred to as "cells" hereinafter), including an outer enclosure 2 housing an inner 
case 13 enclosing the cells, with the inner case formed one size smaller than the 
outer enclosure. The outer enclosure 2 includes a lower enclosure 3 generally 
housing the inner case 13 and an upper enclosure 4 screwed to the lower enclosure 3 
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from the above. Provided on the top surface of the upper enclosure 4 forming a 
mounting portion to which a charger (as will be described later) is to be attached are 
a top end 5 and a pair of parallel slide rails 6 extending in a forward direction from 
the top end 5 (the part of the battery pack 1 where the top end 5 is located is 
referred to as the rear). Each slide rail 6 includes an outwardly extending flange 7, 
thus forming an inverted Lrshaped cross section. Provided at the top end 5 
between and parallel to the pair of slide rails 6 are slits 8. Additionally provided in 
the central rear portion of the top end 5 in the upper enclosure 4 is a rectangular 
intake port 9 which passes through the upper enclosure 4. Also provided in the 
upper enclosure 4 forward of the top end 5 are discharge ports 11 which form 
openings on the boundary of a step 10 formed between the slide rails 6. 
[00071 

The inner case 13 includes a synthetic resin upper holder 15 and a lower 
holder 16 which are affixed to the upper and lower sides, respectively of an 
assembly of twenty cells 14 held therein, the cells 14 being arranged in four rows of 
five cells each. The inner case 13 further includes belt- shaped metal radiator 
plates 22 provided between the upper holder 15 and lower holder 16. The upper 
holder 15 and lower holder 16 are shaped and dimensioned so as to stably encase 
the cells 14. Furthermore, ribs 17 and 18 having edges which conform to the inner 
surface of the lower enclosure 3 are provided along the lower rim of the upper holder 
15 and the upper rim of the lower holder 16, respectively so as to prevent jarring or 
rattling of the cells within the outer enclosure 2 when the inner case 13 is held 
therein. Furthermore, in this structure, the cells 14 are spaced apart and 
separated into two groups (each of the divided groups of cells 14 hereinafter is 
referred to as a "cell group") held by the upper holder 15 and lower holder 16, with 
each group containing half the total number of cells. 
[0008] 

In addition, provided at the front and rear ends of the lower holder 16 are 
extended portions 19 which protrude from the ribs 18 and are joined to the upper 
holder 15 such that, as shown in Figures 3 and 5, the radiator plates 22 provided on 
the outer sides of each of the cell groups are secured by being fitted between the 
upper holder 15 and lower holder 16 along the lengthwise direction between the ribs 
T7" ! and^I8 & and^to 

extended portions 19 and the cells 14. Similarly the radiator plates 22 provided 
between the cell groups are fitted in the lengthwise direction between the respective 
cells 14 and partition plates 20 which protrude between the cell groups from the 
upper holder 15 and lower holder 16, and in the shorter direction between the 
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extended portions 19 and the cells 14. Furthermore, each radiator plate 22 defines 
the projections and recesses so as to conform to the outer surfaces of the cell group, 
thus providing equal contact between the radiator plates 22 and the cells 14. 
Additionally, as shown in Figures 2 and 6, four fins 23 are formed in parallel on the 
outer surfaces of the radiator plates 22, beginning at the front end thereof and 
extending in the rearward direction. With the exception of the uppermost fin, the 
three lower fins 23 are disposed laterally in a step -like arrangement such that the 
lengths of the fins increase towards the lowest fin and thus the surface area and 
volume of the radiator plates 22 increases with proximity to the front of the battery 
pack. 

[0009] 

Thus, the cell groups are enclosed in a substantially sealed manner within 
the inner case 13, defining within the outer enclosure 2, as indicated by the hatched 
area in Figure 5, a space that surrounds the inner case 13 between the ribs 17 and 
18 and another space that communicates with that space penetrating from the rear 
to the front of the inner case 13 in the lengthwise direction. The forward and rear 
portions of the rib 17 are recessed so as to place these spaces in communication 
between the intake port 9 and the discharge ports 11 of the upper case 4. Thus, as 
indicated by the arrows in Figure 6, within the battery pack 1, air entering from the 
air intake port 9 is separated into airflows which go through air passages defined by 
the spaces, with first air passages 24 leading from the intake port 9 to the exterior 
via the discharge ports 11 in two symmetrical and peripheral routes and a second 
air passage 25 which penetrates the inner case 13 and extends forward also to the 
exterior from the discharge ports 11. Furthermore, vertically -disposed air current 
adjustment plates 21 are provided on the front extended section 19 on both sides of 
the second air passage 25, causing the flow of air through the first air passages 24 
and the flow of air through the second air passage 25 to be guided to the exhaust 
ports 11 independently. 

Additionally, reference numeral 26 designates a rubber sheet 26 laid 
between the bottom surface of the inner case 13 and the inner surface of the lower 
case 3, whereas reference numeral 27 designates sponge sheets laid between the cell 
groups and the lower holder 16, and reference numeral designates 28 insulating 
sheetsT "Furthermore=provided = m^t^ 

enclosure 2 is a hook 30 upwardly biased by a coil spring 29 such that a prong 31 
of the hook protrudes upward through the upper case 4 when the battery pack 1 is 
assembled. 

[0010] 
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Additionally, a board 32 is secured with screws to the rear of the upper 
surface of the upper case 15 (shown in Figures 2-4 and 6). Laterally disposed on 
the upper side of the board 32 are charge/discharge terminals 33. Lead connector 
plates 34 electrically connect the charge/discharge terminals 33 with the positive 
and negative electrodes of the terminal cells of the cell groups exposed through the 
upper holder 15. Provided between the charge/discharge terminals 33 are a 
temperature detection terminal 35 and a connector -type data transmission terminal 
36. When the board 32 is housed in the outer enclosure 2, the charge/discharge 
terminal 33 and the temperature detection terminal 35 are exposed to the exterior 
environment through the slits 8 formed in the upper enclosure 4 with the data 
transmission terminal 36 also exposed in the forward direction. Furthermore, each 
charge/discharge terminal 33 is formed longer than the temperature detection 
terminal 35 so as to achieve the necessary contact pressure when the battery pack is 
attached to a power tool. 

Furthermore, as shown in Figure 2, a thermostat 37 connected to the 
temperature detection terminal 35 and leads 39 pass downward through one of 
through- holes 38 in the front end of the upper holder 15, and the thermostat 37, in 
attachment to the bottom holder 16, is inserted between the cells 14 and the 
extended portion 19 and affixed to the cells 14. Here, an inclined surface 40 is 
provided on the inner surface of the extended portion 19 so as to keep the 
thermostat 37 pressed against the cells 14 upon insertion of the thermostat 37. 
[0011] 

Figure 7 is an overall view of a charger 50 onto which the battery pack 1 is 
set. The charger 50 includes a box-shaped main case 51 comprised of an upper case 
52 and a lower case 53, containing an internal board comprising a charging circuit, 
with a connecting portion 54 formed in the upper side of the upper case 52 to which 
the battery pack 1 can be removably attached. The connecting portion 54 includes 
a pair of parallel guide rails 55 which are spaced apart by a distance greater than 
the distance between the outermost edges of the flanges 7 of the slide rails 6 on the 
battery pack 1. In addition, an extension 56 projects inward from the top surface of 
each guide rail 55. Upon inversion of the battery pack 1 so as to orient the top end 
5 side downward, the slide rails 6 of the battery pack 1 are inserted between the 

Figure 7 will be hereafter referred to as its rear) and slid on, so that the rails engage 
each other and the guide rails 55 can hold the slide rails 6 therebetween. The 
battery pack 1 comes to a stop when stoppers 12 provided at the farthest rear 
corners of the top end 5 of the battery pack 1 come into abutment with the rear ends 
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of the guide rails 55. 

In addition, formed in the connecting portion 54 of the charger 50 is a rear 
portion 58 and a front portion 57 which is generally located at a higher plane than 
the rear portion 58 so as to form a step therebetween that spans the guide rails 55. 
The front portion 57 provides a flat surface which abuts and supports the step 10 of 
the battery pack 1 when the battery pack 1 is set in place. 

Furthermore, the connecting portion 54 is sloped generally downward to the 
front end thereof such that the weight of the battery pack 1 facilitates the battery 
pack's sliding motion and stabilizes the battery pack 1 when it is set at the end 
position. 

[0012] 

Also provided in the rear portion 58 is a terminal block 59 on which 
charging terminals 60, a temperature detection terminal 61, and a connector-type 
data transmission terminal 62 are arranged. Referring to Figures 8 and 9, a 
cooling fan 63 is provided inside the main case 51 rearward of the terminal block 59. 
The fan 63 is positioned along the longer side of the main case 51 and the fan's 
upwardly- directed airflow supply port 64 is connected in communication with a 
square airflow passageway 66 which is formed in the upper case 52. Reference 
numeral 67 designates air intake ports formed in the lower case 53 for drawing in 
cooling air. Furthermore, a partition wall 68 is provided in the lower case 53 so as 
to enclose the fen 63, whereas a vertically-disposed partition wall 69 is provided in 
the upper case 52 so as to conform to the upper surface of the fan 63 other than the 
portions connecting the airflow supply port 64 and the airflow passageway 66. In 
this way, only air from the exterior of the charger 50 is supplied to the fan 63 
through the fans intake port 65, which faces rearward such that the supplied air is 
sent upwards. 

[0013] 

During charging of the battery pack 1 thus constructed, when the slide rails 
6 of the battery pack 1 are placed between the guide rails 55 of the charger 50 and 
the battery pack is slid forward until the stoppers 12 come into abutment with the 
rear ends of the guide rails 55 as described above, the charging terminals 60 and the 
temperature detection terminal 61 in the terminal block 59 advance into the slits 8 
TTf the^toplmd = 5^an^^ 

terminals 33 and the temperature detection terminal 35, respectively, while the data 
transmission terminals 36 and 62 are also brought into electrical contact, and 
charging begins. As shown in Figure 10, in this state of attachment, the air intake 
port 9 of the battery pack 1 is positioned directly above the airflow passageway 66 of 
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the charger 50, placing both channels in communication with each other. 
[0014] 

During a charge, the heat radiator plates 22 radiate the heat generated by 
the cells 14 that is transferred to the heat radiator plates 22. The fan 63 
simultaneously starts operation at the start of charging, thus cooling air drawn 
through the air intake ports 67 is discharged upwards from the airflow supply port 
64, and this airflow, as indicated by the dotted-line arrows, is introduced through 
the airflow passageway 66 of the charger 50, after which it proceeds through the air 
intake port 9 of the battery pack 1 and on to the interior of the outer case 2, passes 
along the first air passages 24 and the second air passage 25 from the rear of the 
battery pack 1 (Figure 10 shows the airflow along the second air passage 25), and is 
discharged to the exterior from the discharge ports 11. Thus, the radiator plates 22 
are cooled by the airflow described above, thereby suppressing increases in 
temperature of the cells 14. In particular, the number of the fins 23 increases in 
the downstream direction. Accordingly, even if the temperature of the cooling air 
increases due to heat exchange by the radiator plates 22 as it flows downstream 
along the radiator plates 22, the radiator plates heat capacities, which increases in 
the downstream direction with the number of fins, can counteract this problem, 
achieving the cooling effect of the radiator plates along their entire length. In 
addition, each radiator plate 22 defines the projections and recesses so as to conform 
to the outer surfaces of the cell group, thus providing equal contact between the 
radiator plates 22 and the corresponding cells therein. This in turn realizes even 
heat transfer from the cells 14 to the radiator plates 22. 
[0015] 

According to the above embodiment, the battery pack 1 has a dual structure 
in which the cells 14 are housed in the inner case 13, which is in turn contained 
within the outer enclosure 2 with the first air passages 24 and the second air 
passage 25 separated from the cells 14. Additionally, the radiator plates 22 are 
provided in the part of the first air passages 24 and the second air passage 25 where 
they come into contact with the outer surfaces of the cell groups, with each radiator 
plate having on its surface fins 23, the number of which increases toward the 
downstream direction of the cooling airflow. This results in a greater heat capacity 
D'f" e ach = r adiator ^p late = 2 2^in ~ the = do wnstream=direction-of^the=a ir flo w=and=thus= 
ensures an appropriate cooling effect of the plates 22 despite increases in 
temperature of cooling air downstream. Due to this arrangement, the cells 14 have 
an even temperature distribution, resulting in an increase in the overall service life 
of the battery. Moreover, the provision of the fins 23 augments the surface area 
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and volume of the plate and thus the overall heat capacity of each radiator plate 22. 

In addition to the above, the radiator plates 22 is shaped so as to conform to 
the outer surfaces of the cell groups, thus providing equal contact between the 
radiator plates 22 and the corresponding cells 14 therein and more effectively 
realizing even cooling of the cells. 
[0016] 

The shape of the radiator plate is not limited to that described in the 
foregoing embodiment. As shown in Figure 11, the radiator plate may be 
redesigned to provide an alternative radiator plate 41 with a greater height and an 
accordingly increased provision of fins 42, depending on the length of the cells used. 
Furthermore, instead of providing a separate radiator plate (22 or 41) for each row 
of cells as in the foregoing embodiment, a U-shaped radiator plate may be employed 
to surround two rows of cells. Alternatively shorter radiator plates having 
different numbers of fins may be connected in the longitudinal direction. Other 
modifications may be made to the radiator plates to suit the arrangement or shape 
of the cells. Furthermore, the heat capacities of the radiator plates may be 
increased in a number of ways: each radiator plate may be formed gradually thicker 
in the downstream direction of the airflow; protrusions rather than fins may be 
formed on the surface of the plate with their number gradually increased 
downstream; the similar effects may be realized by changing either the surface area 
or the volume only. Although fins oriented in parallel to the cooling airflow is the 
most preferred configuration due to their airflow straightening or adjusting effect, 
rib-like structures that protrude farther from the surface of the radiator plate may 
also suffice. 

The foregoing embodiment employs a fully double -structured casing in 
which the cells are held in the inner case in order to define air passages. Instead, 
only air passages may be separated from the space for housing the cells by partition 
walls, with the radiator plates disposed in the partition walls so as to be brought 
into contact with the cells. 
[0017] 

Effect of the Invention 

According to the first invention in claim 1, by the provision of radiator 
plates in^the = air passages so as^to4)en^ 

such a manner as to increase the heat capacity of each plate in the downstream 
direction of cooling airflow, increases in temperature of the cooling air can be 
effectively countered, and a proper temperature balance can be maintained among 
the cells by maintaining the cooling effect of the radiator plates, thereby prolonging 
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the service life of the entire battery. 

In addition to the effect of claim 1, according to the invention in claim 2, by 
increasing the surface areas and/or volumes of the radiator plates, the heat capacities of 
the radiator plates can also be easily increased. 

In addition to the effect of claim 1 or 2, according to the invention in claim 3, 
by shaping the radiator plates to conform to the outer surfaces of the cells, the cells can 
be more evenly and efficiently cooled. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a battery pack. 

Figure 2 is an exploded perspective view of the battery pack. 

Figure 3 is a cross* sectional view of the battery pack. 

Figure 4 is a top plan view of the battery pack with the upper enclosure 
removed. 

Figure 5 is a top plan view of the battery pack with the upper enclosure and 
upper holder removed. 

Figure 6 is a perspective view of the inner case. 
Figure 7 is a perspective view of a battery charger. 

Figure 8 is a plan view of the portion the charger accommodating a fan. 
Figure 9 is a cross* sectional view of the portion accommodating the fan. 
Figure 10 is a cross -sectional explanatory view showing the battery pack 
mounted onto the charger. 

Figure 11 is an explanatory view showing a modification of the radiator 

plates. 

EXPLANATORY LEGENDS 

1 — battery pack; 2 — outer enclosure; 5 — top end; 6 — slide rail; 9 - intake 
port; 11 — discharge port; 13 — inner case; 14 — cell; 15 — upper holder; 16 - lower 
holder; 22, 41 - radiator plates; 23, 42 - fins; 24 - air passages; 25 - second air 
passage; 32 — board; 33 - charge/discharge terminal; 50 — charger; 51 — main case; 
54 — connecting portion; 55 — guide rail; 59 — terminal block; 63 — fan; 66 — airflow 
passageway. 
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Abstract 



ABASTRACT 

OBJECTIVE: To maintain a proper temperature balance among secondary cells 
in order to prolong the service life of all the cells. 



passages through which cooling air which enters the pack at an intake port 9 flows 
within an inner case 13 before being discharged at discharge ports 11. Provided in 
the air passages within the inner case 13 are metallic radiator plates 22 which are 
in contact with cells 14. Provided on surfaces of each radiator plate 22 are a 
plurality of fins 23, whose number increases in the downstream direction of airflow 
through the air passages. 



MEANS TO ACHIEVE THE OBJECTIVE: 



A battery pack 1 includes air 



DESIGNATED DRAWING: Figure 2 
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